Introduction: Acute bacterial skin and skin
INTRODUCTION
Acute bacterial skin and skin structure infections (ABSSSIs) are ubiquitous and among the most common infections treated in hospitals. They differ in severity, and patients who present to the hospital with severe infection or whose infection is progressing despite empirical antibiotics given in outpatient settings should be treated more aggressively [1] . Complicated ABSSSIs represent the more severe end of the spectrum of all ABSSSIs and require timely initiation of appropriate antibiotics. Though many studies have identified the common pathogens involved in ABSSSI, the emergence of strains with resistance to multiple agents has complicated the choice of empirical therapy [2] . Undeniably, antibiotic resistance is mainly driven by overusing antibiotics or by prescribing them inappropriately.
A study conducted in an academic medical center in the USA revealed that despite the gram-positive etiology of most cases of ABSSSIs, two-thirds of their patients were treated with broad-spectrum gram-negative antimicrobial agents and even more received anaerobic therapy [3] . The same study also showed that hospitalizations for ABSSSI are now more common than for community-acquired pneumonia. In a separate matched cohort study, it was found that the management of complicated ABSSSIs in hospitalized patients led to frequent use of potentially unnecessary diagnostic studies, broad-spectrum antibiotic therapy and prolonged treatment courses. This in turn results in a longer length of hospital stay, higher hospitalization charges, increased risk of adverse events from prolonged antimicrobial therapy and higher mortality rates. These findings suggest the need for Antimicrobial Stewardship Programs (ASPs) [4] .
ASPs were implemented in various countries in an attempt to control the phenomenon of increasing antimicrobial resistance, especially in developed countries. Studies have shown that ASPs can effectively reduce antibiotic utilization, cost of care and even antimicrobial resistance rates [5] . To date, there has been little information with regards to the implementation and achievements of ASP to patients with ABSSSI. Hence, in this study, we aim to evaluate the impact of ASP on the following outcomes in patients with skin and soft tissue infections: (1) duration of therapy, (2) length of hospital stay, (3) readmission within 30 days of discharge, (4) 14-day reinfection post intervention and (5) mortality within 30 days of ASP audit.
METHODS

Study Design and Setting
This is a single-center, retrospective study conducted at Singapore General Hospital (1) a narrower spectrum antibiotic could be used based on the culture results; (2) there was no infection present (i.e., bacterial colonization or an alternative explanation for the fever present); (3) hospital antibiotic guidelines were not followed without valid reasons; (4) dosage, duration of therapy and/ or empirical treatment choice was suboptimal according to the available guidelines.
Data Collection and Outcomes
Compliance with or rejection of ASP recommendations was determined via chart review 24 and 48 h post recommendation as part of the clinical workflow. If the recommendations were adopted after this time frame, they were still considered to be rejected for the purposes of this study. In addition, this study will also aim to estimate the cost avoidance associated with the selected outcomesduration of therapy, length of hospital stay, readmissions, 14-day reinfection and mortality.
Definitions
For the purpose of this study, only four types of interventions were evaluated as these Likely to require admission to ICU, urgent surgical assessment and treatment with parenteral antibiotics ABSSSI acute bacterial skin and skin structure infections, ICU intensive care unit
RESULTS
Interventions
The ASP team recommended a total of 407 interventions ( and cefepime (10.0%).
Duration of Therapy
The antibiotic use duration was significantly shorter by 2 days (P\0.01) in the group of patients whose physicians accepted ASP interventions [median (IQR) of 6 (4-9) days] when compared to the group whose physicians rejected ASP interventions [median (IQR) of 8 (6-12) days], as shown in Table 4 .
Length of Stay
The LOS from the ASP intervention and discharge from the hospital was significantly clinically, and the surgical wound was healing well. The ASP team had intervened to discontinue i.v. cefepime. The intervention was accepted, and patient was subsequently discharged well 4 days thereafter. However, at 5 days post discharge, the patient was readmitted for fever, and her perianal wound was noted to be foul smelling. Wound swab culture grew the same pan-sensitive P. aeruginosa, and the patient was re-initiated on another course of i.v. cefepime.
Readmissions
Of the 383 surviving patients, 24 out of 254 patients (9.45%) in the accepted group was readmitted within 30 days from discharge, with a clinical diagnosis of ABSSSI, while 9 out of 129 patients (6.98%) in the rejected group was readmitted for ABSSSI. The difference in readmission rates between the two groups was not statistically significant (P = 0.42). Data are n (%) unless otherwise stated ABSSSI acute bacterial skin and skin structure infections, IQR interquartile range
Mortality
DISCUSSION
As evident by the results of our study, ASP interventions are important to improve the quality of prescribing and to guide physicians on the appropriate duration of antibiotics without compromising on patient's safety. Moreover, in our institution, ASP reviews commence on the 2nd day of antibiotic prescription, allowing for timely feedback and intervention. Prospective audit as well as feedback intervention is one of the two core ASP strategies recommended by the IDSA [6] that has been shown to be effective. without compromising the safety of our patients. It was also suggested that limiting the treatment duration seemed to be the most effective method, where antibiotic administration can be modified, to reduce antibiotic resistance as well as the other drug-related deleterious effects such as ADRs [7] .
Concomitant with a reduction in the duration of antibiotic therapy, ASP interventions have also effectively reduced the median LOS by 5 days. This is most likely attributed to cases where physicians accepted interventions to discontinue the antibiotic and/ or to switch to oral antibiotics. The prolonged LOS for patients in the rejected group may be explained by the need to complete a prolonged course of parenteral antibiotic therapy, contrary to ASP recommendations. Early discharge from the hospital will result in a reduction in treatment costs and relieve bed crunch problems, but, more importantly, substantially reduce patients' risk of acquiring nosocomial Data are n (%) unless otherwise stated ABSSSI acute bacterial skin and skin structure infection, ASP antimicrobial stewardship program, IQR interquartile range * Statistically significant (P\0.05)
infections. Of note, extended duration of antibiotic therapy and a longer duration of hospitalization were associated with a substantially increased risk of Clostridium difficile-associated diarrhea, accounting for 20-30% of cases of antibiotic-associated diarrhea [8] . C. difficile infection is regarded as an immediate public health threat that requires urgent and aggressive action [9] .
One of the more common interventions made by ASP was to encourage physicians to switch to oral therapy, which entails benefits to both the patient and healthcare system. First, it reduces the cost of treatment for the patients as most parenteral antibiotics are more expensive than oral formulations, and there are additional costs associated with preparation and administration of parenteral formulations. More importantly, it reduces healthcare costs by reducing the incidence of catheter-related infections and allowing for shorter hospital stays when patients are discharged with oral antibiotics to complete therapy.
While it may be argued that the patients whose physicians rejected ASP interventions were likely more ill and hence reluctant to switch to an antibiotic of a narrower spectrum or to switch to oral antibiotics, we found no Although not statistically significant, the 14-day reinfection rates were lower in the accepted group, and this could be a result of an appropriate choice, with adequate doses and duration of therapy as recommended by the ASP, thereby leading to better patient outcomes.
The 30-day readmission rates due to ABSSSIs were slightly higher in the accepted group With a relatively large sample size and involvement of various specialties, the results of our study can be applied to a variety of healthcare settings worldwide. However, the retrospective nature of our study limits the amount of information we have with regards to differences in the severity of diseases and/or presence of comorbidities that could potentially affect outcomes. Nevertheless, with similar baseline demographics between the two groups, the possibility of such differences affecting the outcomes is low.
CONCLUSIONS
Interventions recommended by the ASP in SGH were safe and were associated with a significant reduction in the duration of antibiotic therapy as well as a reduction in the length of hospital stay. Although ABSSSIs are prevalent, little has been done to improve the quality of prescribing antibiotics for its management. The results of our study have affirmed the role of ASP in optimizing the care of patients with ABSSSIs. 
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